The study investigated the over-time changes and racial/ethnic disparities in the quality of health care services for cigarette smoking cessation in the U.S. from 2007 to 2015. The primary measures included receiving a doctor's advice to quit smoking in the year before smoking cessation and using behavioral interventions for smoking cessation (telephone helplines and web-based interventions) while trying to quit smoking. The study was conducted from January to July 2018. We used merged data from the 2010-11 and 2014-15 Tobacco Use Supplement to the Current Population Survey. The sample sizes were 7011 and 12,025, respectively, for the analyses corresponding to two primary measures. The rate of receiving a doctor's advice to quit increased significantly from 66% (SE = 2%) in 2007 to 73% (SE = 4%) in 2015. The rate of usage of telephone helplines or web-based interventions for smoking cessation increased only from 3% (SE = 1%) in 2007 to 5% (SE = 1%) in 2015. These positive trends remained even after adjusting for several important factors. For both measures, the rates were consistently lower among Hispanic smokers than Non-Hispanic Black/African American and White smokers. Despite the availability of states' behavioral interventions for cessation of tobacco use, utilization of these interventions remains very low, indicating that smokers may not be aware of these free resources, may have misconceptions about these interventions being evidence-based, or there are barriers for using these interventions.
Introduction
A doctor's advice to quit smoking is an important part of the Five A's strategic support for smoking cessation that utilizes the following five steps: Ask-Advise-Assess-Assist-Arrange (Fiore et al., 2008) . A doctor's advice to quit smoking is essential to motivate smokers to quit smoking and to also facilitate successful smoking cessation (Aveyard et al., 2012; Bailey et al., 2018; Cahill et al., 2010; Fiore et al., 2008; Kottke et al., 1988; Lancaster and Stead, 2004; Russell et al., 1979; Stead et al., 2013 Stead et al., , 2008 Tomar et al., 1996; Williams et al., 2014; Zhang et al., 2016; Zwar et al., 2014) . However, based on smokers' reports, the success rate of receiving a doctor's advice to quit smoking has been relatively low. Specifically, it was 53.3% in 2000 , 58.9% in 2005 , and 50.7% in 2010 (Kruger et al., 2012 .
The rate of receiving a doctor's advice to quit smoking differed across populations of smokers with diverse sociodemographic characteristics. For example, the rate was lower among Hispanic smokers and Non-Hispanic (NH) Black/African American (BAA) smokers relative to NH White smokers (Cokkinides et al., 2008; Houston et al., 2005; Kruger et al., 2012; Lopez-Quintero et al., 2006; Tomar et al., 1996) . Specifically, in the U.S. in the period from 2001 to 2010, among current smokers and former smokers (who quit smoking in the past 12 months) who reported seeing a healthcare professional in the past 12 months, the rate of receiving advice to quit was 34.7% for Hispanic, 46.3% for NH BAA, 50.2% for NH White and 47.8% for other NH adults (Centers for Disease Control and Prevention, 2011) . In addition, the rate was higher for older than younger smokers (Anda et al., 1987; Browning et al., 2008; Denny et al., 2003; Kruger et al., 2012; Tomar et al., 1996) , higher for women than men (Denny et al., 2003; Kruger et al., 2012) , and higher-than lower-educated smokers (Houston et al., 2005) . However, another study (Kruger et al., 2012) indicated that the prevalence was greater for smokers without a high school diploma rather than higher-educated smokers (but not all pairwise differences were significant).
If a patient is willing to make a quit attempt, a doctor will also recommend using an intervention or pharmacological treatment for smoking cessation, i.e., the "Assist" step in the Five A's framework (Fiore et al., 2008) . Nonetheless, prevalence of use of behavioral and pharmacological aids during quit attempts is relatively low. Among recent quitters, i.e., those who quit smoking within a year prior to the assessment, the prevalence of use of behavioral interventions is about 8.0% and the prevalence of use of pharmacological aids is 27.5% (Soulakova and Crockett, 2017) . Among long-term quitters, i.e., former smokers who quit smoking one year before the assessment or longer, the prevalence estimates are even lower (Soulakova and Crockett, 2017) . Telephone helplines (also termed "quit lines") and web-based programs and tools are among the most common behavioral interventions for smoking cessation (Soulakova and Crockett, 2017 ; U.S. Department of Health and Human Services, 2014) . These methods are evidence-based and cost-effective (Danielsson et al., 2014; Fiore et al., 2008; Graham et al., 2007; Hopkins et al., 2001; Lustria et al., 2013; Nash et al., 2015; Owen, 2000; Smit et al., 2012; Stead et al., 2007; U.S. Department of Health and Human Services, 2014; Whittaker et al., 2009; Zbikowski et al., 2011; Zhu et al., 2002 Zhu et al., , 1996 .
As of 2006, the U.S. network of telephone helplines for smoking cessation provided free services to smokers in all 50 states, the District of Columbia and Puerto Rico via a single toll-free number (1-800-QUIT-NOW) (Keller et al., 2010; Lichtenstein et al., 2010) . Despite potential benefits of this network, helplines are not widely used in practice: the prevalence of use was about 1% or less until 2005-06 (Cummins et al., 2007; Keller et al., 2010) . Even among smokers who were aware of the telephone helpline, the rate was relatively low -about 8% in -10 (Schauer et al., 2014 . Telephone helplines are more commonly used among NH BAA smokers (Zhu et al., 2011) and less commonly used among Hispanic smokers (Zhu et al., 2000) in comparison to NH White smokers. Helplines were also more commonly used among younger than older smokers (Prout et al., 2002; Schauer et al., 2014) , women than men (Prout et al., 2002; Zhu et al., 2000) , and higher-than lowereducated smokers (Zhu et al., 2011 (Zhu et al., , 2000 .
Currently, the majority of U.S. states offer free web-based interventions for smoking cessation (Neri et al., 2016) . Nonetheless, the rate of use of web-based interventions for smoking cessation is very low and is even lower than the rate of use of telephone helplines (Soulakova and Crockett, 2017; Zbikowski et al., 2011) . Moreover, the populations of smokers who used either a state-sponsored telephone helpline or a state-sponsored web-based intervention were recently described (Nash et al., 2015; Neri et al., 2016) . For example, analysis of data from four states (Alabama, Arizona, Florida, and Vermont) indicated that users of telephone helplines are older (on average) than users of web-based interventions. They also differ in terms of several other sociodemographic characteristics, such as race/ethnicity and education (Neri et al., 2016) .
The goal of our study was to assess the progress made in U.S. healthcare for smoking cessation in the period from 2007 to 2015. We assessed this goal through identifying (1) changes in prevalence of receiving a doctor's advice to quit smoking in the past 12 months before smoking cessation, (2) changes in prevalence of using behavioral interventions for smoking cessation (such as telephone helplines and webbased programs) while trying to quit smoking, and (3) whether these changes were similar across diverse racial/ethnic groups. The population of interest were adult former smokers who quit smoking in the period from 2007 to 2015.
Methods

Data
To examine the over-time trends, we analyzed the 2010-11 and 2014-15 Tobacco Use Supplement to the Current Population Survey (TUS-CPS) data (U.S. Department of Commerce and U.S. Census Bureau, 2016) . When merging data from two survey periods, we rescaled the weights accordingly to the TUS-CPS methodological guideline (U.S. Department of Commerce and U.S. Census Bureau, 2016). The respondents were 18+ year-old adults who reported being a former smoker at the time of the survey and indicated that they had quit at least seven days ago and no longer than three years ago. Only former smokers who had quit within the past three years prior to the assessment reported detailed information regarding their last quit attempts. For convenience of wording, we term these subjects "smokers" when referring to the time prior to smoking cessation and "former smokers" when referring to the time of the survey.
To assess the changes in prevalence of receiving a doctor's advice to quit smoking we analyzed the cohort (n = 7011) of all former smokers who indicated visiting a doctor or a dentist in the past 12 months prior to quitting. To assess the changes in prevalence of using behavioral interventions (telephone helplines and web-based interventions) we analyzed the cohort (n = 12,025) of all former smokers who reported whether they used or did not use telephone helplines and/or web-based programs for smoking cessation while trying to quit smoking. While these two cohorts were analyzed separately, they overlap: 6996 (34%) former smokers reported both, whether they received a doctor's advice to quit and whether they used behavioral interventions for smoking cessation. Table 1 depicts the sociodemographic characteristics for each cohort. In addition, in each cohort, about 19% resided in the Northeast, 27% resided in the Midwest, 34% resided in the South and 20% resided in the West; 84% resided in metropolitan areas and 16% in non-metropolitan; and about 65% of former smokers were interviewed by phone and 35% of former smokers were interviewed in-person.
Measures
The first primary measure "receiving a doctor's advice to quit smoking" was defined using responses to two 2010-11 survey items ("During the 12 months before you completely quit smoking, did any medical doctor advise you to stop smoking?" and "During the 12 months before you completely quit smoking, did any dentist advise you to stop smoking?") and one 2014-15 survey item ("During the 12 months before you completely quit smoking, did any medical doctor advise you to stop smoking?"); the item referring to a dentist was removed from the 2014-15 survey. This measure was defined only for former smokers who reported that they saw a medical doctor (or dentist) in the past 12 months. Thus, our investigation does not include smokers who did not see a doctor in the past 12 months and does not address accessibility to healthcare services.
The second primary measure, "using behavioral interventions for smoking cessation", was based on two survey items: "When you quit smoking completely, did you use a telephone helpline or quit line?" and "When you quit smoking completely, did you use the internet or a webbased program or tool?". We note that the respondents to 2014-15 TUS-CPS were not asked about the use of other types of behavioral interventions (such as one-on-one counseling and stop smoking clinic classes or support groups) which were surveyed in 2010-11 TUS-CPS (Soulakova and Crockett, 2017) .
The "year of smoking cessation" measure was defined using reported time since smoking cessation and date of the survey as follows. First, the time since smoking cessation (days) was defined using responses to the survey item "About how long has it been since you completely quit smoking cigarettes?" Second, we used the date (month and year) when the survey was administered -that is May 2010, August 2010, January 2011, July 2014, January 2015 and May 2015 -to project the reported time from smoking cessation to a specific year in the period. Because the maximum time since smoking cessation was three years (the minimum was seven days) and the earliest survey was in May 2010 (the latest was in May 2015), the resulting years of smoking cessation covered 2007 to 2015. The annual sample sizes varied from 226 (2015) to 1195 (2010) for the first primary measure (receiving doctor's advice to quit) and from 380 (2015) to 1898 (2014) for the second primary measure (using behavioral interventions for smoking cessation).
Statistical analysis
First, we derived the annual prevalence estimates for each primary measure in the period from 2007 to 2015. These estimates and corresponding standard errors were based on the main survey weight and 160 replicate weights and thus, are expected to accurately estimate the population prevalence (and standard errors of the estimates). We did not adjust for any specific characteristics of former smokers when deriving the annual prevalence estimates; estimation was done using SAS®9.4 (SAS Institute Inc., 2014).
Then we performed the main statistical analyses that incorporated building and fitting two multiple logistic regression models (for complex survey sampling), one for the logit of the probability of receiving a doctor's advice to quit smoking and the second for the logit of the probability of using behavioral interventions for smoking cessation while trying to quit smoking. Each model included former smokers' race/ethnicity and the year of smoking cessation while controlling for former smokers' sociodemographic characteristics (age, sex, marital status, highest education level, employment status, metro/non-metro area of residency, and U.S. region of residency), and survey mode (phone, in-person). We also explored the significance of the survey period , but because this factor was not significant in any model (p > 0.050), it was not included in the final models.
The final models for receiving a doctor's advice to quit smoking (Likelihood Ratio χ 2 = 266,816, df = 18, p < 0.001) and using behavioral interventions for smoking cessation (Likelihood Ratio χ 2 = 68,258, df = 18, p < 0.001) were used to assess the odds for each primary measure associated with the year of smoking cessation and also to perform multiple comparisons for diverse racial/ethnic groups relative to NH Whites. Bonferroni correction for multiplicity was used when computing the adjusted p-values. The overall significance level was 5% for each model. Because the sample size for NH Hawaiian/ Pacific Islanders (HPI) was insufficient, this group was not included in the models. Specifically, only 4 out of 14 HPI former smokers reported receiving a doctor's advice to quit and none out of 38 HPI former smokers reported using a behavioral intervention for smoking cessation. In addition, other racial/ethnic groups had insufficient sample sizes when limiting to a certain year of smoking cessation. Thus, we performed an additional exploration of the overall patterns for NH White, NH BAA, and Hispanic smokers over the three time periods, 2007-09, 2010-12 and 2013-15 . In all analyses we incorporated Balanced Repeated Replications for variance estimation (Wolter, 2007) with the main weight and 160 replicate weights (U.S. Department of Commerce and U.S. Census Bureau, 2016). Models were built and fitted using SAS®9.4 (SAS Institute Inc., 2014).
Results
Figs. 1 and 2 illustrate the annual prevalence (these estimates are not adjusted for other factors) of receiving a doctor's advice to quit smoking when visiting a doctor in the past 12 months prior to smoking cessation and using behavioral interventions for smoking cessation while trying to quit smoking, respectively. Overall, there was a significant difference across the annual rates of receiving a doctor's advice to quit (p < 0.001) but there was not a significant difference across the annual rates of using behavioral interventions. Figs. 3 and 4 depict over-time differences in the prevalence for the three largest racial/ ethnic groups. Table 2 depicts the results based on the models for all significant main effects. The effect of year of smoking cessation was significant in both models: β = 0.097, p < 0.001 in the model for receiving a doctor's advice to quit smoking and β = 0.060, p = 0.011 in the model for using behavioral interventions for smoking cessation. The odds of receiving a doctor's advice to quit as well as the odds of using behavioral interventions grew from year to year. The odds of receiving a doctor's advice to quit were significantly associated with the former smoker's race/ethnicity (overall p = 0.009). The prevalence of receiving doctor's advice to quit smoking (adjusted for other factors) was 69.7% for NH White, 66.7% for NH BAA, 57.8% for NH American Indian/Alaska Native, 67.5% for NH Asian, 78.6% for NH Multiracial, and 60.3% for Hispanic smokers. However, there was only one significant difference relative to NH White smokers: the prevalence was smaller for Hispanic smokers relative to NH White smokers (adjusted p = 0.006). The odds of using behavioral interventions for smoking cessation were not significantly associated with a smoker's race/ethnicity. Table 2 illustrates additional results. The odds of receiving a doctor's advice to quit as well as using behavioral interventions were significantly higher for all age groups (i.e., 18-24, 25-44 and 45-64 years old) relative to the 65+ year-old group (all adjusted p ′ s < 0.050). In addition, the odds of receiving a doctor's advice to quit varied across smokers' education level: the odds were higher for smokers without a complete high school education relative to smokers with other levels of education, but the relative difference was significant only for those who had at least some college education or equivalent. The odds of using behavioral interventions were significantly lower for male smokers than female smokers.
Discussion
Conclusion
The study indicates the overall positive trends in annual prevalence of receiving a doctor's advice to quit smoking as well as using behavioral interventions for smoking cessation among former smokers who quit smoking in the period from 2007 to 2015. The prevalence of receiving a doctor's advice to quit smoking increased from 66% in 2007 to 73% in 2015. The prevalence of using a behavioral intervention for smoking cessation such as a telephone helpline or a web-based program increased from 3% in 2007 to 5% in 2015. These trends suggest certain improvements in health care for smoking cessation but they also point to under-use of behavioral interventions in the U.S. Low prevalence of use of behavioral interventions could be due to unawareness of free resources offered by the state (Schauer et al., 2014) . Because visiting a healthcare professional or receiving cessation-related information from media is positively associated with improved awareness of telephone helplines (Schauer et al., 2014) , promoting interventions for smoking cessation in healthcare settings and media could be highly beneficial for educating smokers and encouraging them to use these interventions.
The increase in prevalence of receiving doctor's advice to quit smoking and using behavioral interventions was not uniform among 2007 2008 2009 2010 2011 2012 2013 2014 2015 22,962 18,444 38,555 39,377 21,101 29,079 47,163 46,402 13,247 789,094 946,578 1,055,598 1,248,432 566,401 923,031 1,127,238 1,410,404 291,175 diverse racial/ethnic groups of smokers. Unadjusted analyses indicated that the highest increase in prevalence of receiving a doctor's advice to quit was observed for Hispanic smokers but the highest increase in prevalence of using behavioral interventions was observed for NH White smokers. After adjusting for other factors, the overall prevalence of receiving a doctor's advice to quit was significantly lower for Hispanic than NH White smokers. This result is consistent with previous findings (Cokkinides et al., 2008; Kruger et al., 2012; Lopez-Quintero et al., 2006; Tomar et al., 1996) . The underlying reason for the relatively low prevalence of being advised to quit among Hispanic smokers is not clear; it could be that Hispanic smokers are less likely to receive screening for smoking when visiting a healthcare professional (Jamal et al., 2012) . In addition, among low-language-acculturated Hispanic smokers, the language barrier can be an obstacle for these screenings and discussions when visiting a doctor (Juckett, 2013; Zinser et al., 2011) . The overall prevalence of using behavioral interventions did not differ significantly across racial/ethnic groups. 
Limitations and future directions
The study has several limitations. First, the primary measures were based on former smokers' retrospective reports of their quitting behaviors and events preceding their smoking cessation in the past three years. Recalling and reporting behaviors and events that occurred in the past may introduce some response bias in the TUS-CPS reports (Soulakova et al., 2015 (Soulakova et al., , 2013 . Second, because current and former smokers responded to two different sets of questions, we considered only former smokers in this study. Thus, results should not be generalized to current smokers who had (unsuccessful) quit attempts. In addition, while we attempted to perform comparisons for diverse racial/ethnic groups, due to small group sample sizes for specific years, the insignificant results could be due to lack of statistical power. Another limitation is that we did not address accessibility to healthcare services and availability of medical insurance among smokers. Prior research indicated discrepancies in the rate of receiving a doctor's advice to quit smoking across insurance types: the lowest rate of receiving advice corresponded to uninsured patients (35.3%) and the highest rate corresponded to patients enrolled in Medicare plan (59.0%) (Centers for Disease Control and Prevention, 2011) .
Future studies could explore whether the patients' reports agree with the medical records, e.g., it could be that the healthcare providers recommend smokers to use behavioral interventions though the patients do not recall/report these recommendations. In addition, it would be of interest to estimate the rate of receiving a doctor's advice to quit smoking and the rate of using interventions for smoking cessation among smokers who tried to quit smoking but relapsed. In these studies, electronic health records could offer a valuable data source, especially for estimating the longitudinal trends (Stevens et al., 2016) .
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